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Tlie  Effect  of  Tlarottling  the  Auction  on 
a  Three  Inch  Dayton  Centrifu.^al  Pump. 

Introduction. 
In  stco-ting  to  investigate  the  effect 
of  throttling  the  suction  on  the  efficiency 
and  capacity  of  a  three  inch  Dayton  centri- 
fugal pui.ip  it  v/c  B  at  first  decided  to  inves- 
tigate two  important  phases  of  the  subject. 
Pirst:   Is  it  i.iore  efficient  to  cut  dov/n  the 
capacity  of  the  pUjiV ,  v/hen  necessary,  "by 
means  of  tlirottling  the  suction  or  by  thrott- 
ling the  discharge? 

Second:   Is  it  ixiore  efficient,  other  things 
being  equal,  to  place  the  puinp  near  the  lev- 
el of  the  inlet  v;ater  and  ase  onlv'  the  dis- 
charge pressure;  or  to  raise  the  punp  above 
the  inlet  Wcter  and  thus  secure  the  bene- 
fit of  the  combined  suction  and  discharge 
heads?   However,  the  pump  raust  be  kept  with- 
in the  practical  limit  of  the  barometric  col- 
ur.an. 


-2- 


As  soon  as  the  invefjtigation  v;;  s  start- 
ed, a  tliird  and  ■v^ry  ira^jortant  phase  v/i.s  in- 
troduced.  It  was  found  tht.t  v/hen  operating 
at  full  capacity  the  suction  inlet  throttled 
itself  to  such  an  extent  that  there  v/as 
scarcely  any  range  where  the  suction  could 
"be  throttled.   The  quertion  naturally  a-rose 
as  to  the  benefit  of  having  fifteen  inches  of 

mercury  in  the  suction  pipe  when  the  level  of 

•two  ami 
the  sump  v;as  only  ^^  one  half  feet  helov/  the 

center  of  the  purap. 

Wixh  these  three  ^.".laseB  in  viev/  severaJ. 
series  of  runs  v/ere  nade  under  a  greet  vexi- 
ety  of  conditions.   The  tabulated  data,  re- 
sults and  curves  are  given  in  due  order  on 
the  follov/ing  pages.   In  order  more  fully  to 
explain  the  action  of  the  pump  the  curves  of  a 
couple  of  separste  tests  were  conhined  on  c^e 
sheet. 
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Tlie  Pump. 

The  pump  we.s  manufactured  by  the  Day- 
ton Hydraulic  Machinery  Company  of  Dayton 
Ohio,  and  is  of  the  three  inch  single  auc- 
tion t;rpe.   It  is  guaranteed  to  deliver  two 
hundred  gallons  per  minute  against  a  .:otcQ. 
head  of  fifty  feet  v/hen  running  at  a  speed  of 
twelve  hundred  revolutions  per  minute.   The 
pump  v/r  s  dix^ect-connected  to  a  ten  horce  po\7- 
er  variable-speed  motor,  thru  a  flexible  couij- 
ling.   One  half  of  this  coupling  v/as  flanged 
so  that  it  forjaed  a  ten  inch  by  six  inch  vjul- 
ley  for  driving  by  a  belt  if  so  desired. 

The  impeller  is  made  from  cast  iron  c.nd 
is  of  the  latest  enclosed  type  with  logarith- 
mic spiral  vanes.   The  impeller  was  machined 
to  a  smooth  finish  on  the  outside  v/hile  the 
inside  was  only  thoroughly  cleaned.   A  pic- 
ture of  the  impeller  is  given  in  plate  2  v/hile 
an  approxitiiate  drawing  is  given  in  i^late  3. 
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A  drav/ing  of  the  casing  of  the  pump  is 
given  in  plate  4  shov;inr:  the  position  of 
guide  vanes  and  dischctrge  opening. 
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Auxiliary  Apparatus. 

The  motor  used  to  drive  the  punp  v/as 
built  by  the  Eleccro  Dynazaie  Co.  of  Bayome 
N.  J.   It  develops  ten  horse  power  at  eighty 
amperes  and  one  hundred  and  ten  volts  and 
has  a  speed  variation  ix'ori  two  hundred  and 
seventy  five  to  twelve  hundred  revolutions  per 
minute. 

A  voltmeter  and  ammeter  calibrated  for 
the  pur;jose  were  used  to  indicate  the  poten- 
tial difference  gjad  magnitued  of  the  current 
at  the  terrainals  of  the  motor.   The  speed  of 
the  motor  v;as  measured  by  a  taclameter.   The 
discharge  pressure  uv'  to  thirty  pounds  per 
square  inch  Wcs  measured  by  a  three  and  one 
half  inch  Bourdon  steam  gauge  #608R792. 
V/laile  for  pressures  c.bove  thirty  pounds  per 
square  inch  a  one  hundred  and  sixty  pound  per 
square  inch  Bourdon  gauge  was  used.   The  suc- 
tion head  we.s  measured  by  a  three  and  one 
half  inch  Bourdon  vacuum  gauge,  reading  in  in- 
ches of  mercury. 
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At  firso  it  v/c  s  intended  to  laeasure  tlie 
water  Td.v  an  inch  and  a  qufejrter  Venturi  mett.r 
in  the  discharr-e  line.   This  method  could 
not  he  used  hecause  the  friction  introduced 
in  the  nettr  p-evented  the  discharge  preseure 
from  f cllinrr;  helov;  eight  pounds  per  squaxe 
inch.   Since  this  greatly  shortened  the  range 
of  investigc tion,  it  was  decided  to  measure 
the  v/e.ter  hy  means  of  weir  notches. 

The  v/eir  boxes  used  wtre  of  such  dimen- 
sions as  to  give  perfect  contraction  for 
notches  noo  lc:.rger  than  twelve  inches.  In 
order  to  measure  the  larger  discharges  tv/o 
v/eirs  v/ere  placed  in  parallel  (as  sho\/n  in 
plate  5) .  The  ten  inch  notch  is  marked  A, 
while  B   is  the  twelve  inch  notch. 
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Calibretion   of   Instriunents. 

Before    Btc.rting  the   tests   all    the   ai^par- 
E.tu£   \7cvE    Cc.ref  ullj''    c.nd   accurately   cb.lilori  ted. 

The  ^resf  uj.-e   gauges   .vere   calihrt.ted  hy  a 
pressure   gauge   tester,    vhile   the  vacuura  gauge 
was   calibrated  "by   a  conparison  v/ith  the  mer- 
cury  column   on   a  condenser.      The   cali"hrc:tion 
curves   for   the   g£.uges   are   given   on  j^.late  S. 

The   axirneter   and  voltmeter  v/ere   calibre^- 
ted  in   the    electrical   If^horatory  "by   conpar- 
iron  v/ii;h   standard   instruments.      Their  cs-l- 
ihrc-tion   curves   are   given   on  ijlcite  6. 

The   tachometer  was   calibrated  by  corip8>r- 
ison  with  a  frequency  meter,    c.ttached   to   a 
variable    sjjeed  motor,    that  v/as   fitted  v/ith  a 
slip-rings    so   as   to   give   alternating  current. 
The   tachometer  had  four   separjite    scales  upon 
it;    namely  30-120,    100-400,    300-1200   and  1000- 
4000   revolutions   j..er  minute.      However,    only 
the   500-1200   c.nd  100-400   scale  \/ere   calibra- 
ted. 
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The  calibration  curves  for  the  taclTOmeter 
are  given  on  plate  *J . 

In  order  xo   calibrate  the  notor  it  v/c.s 
disconnected  froi.a  the  punp  and  a  pullev  placed 
on  the  shaft.   A  prony  hrake  v/as  mounted  on 
the  pulle:  end  coraplete  calihrations  were  made 
for  every  three  notches  on  the  stc.rting  dox. 
The  power  iraput  was,  secured  from  the  scale 
i-es.dings  brake  ann  and  sped  of  the  motor. 
The  calibration  curves  for  the  motor  are  given 
in  the  ce-lculating  diagrata  (4). 

The  \.'eir  notches  v/ere  calibrated  both 
by  the  equation  Q,  2/3  C   2g  6  (H  1.   4h)   , 
in  which  Merrimi-n' E  coef,icientE  were  used;  and 
also  by  \/eighing  the  water  for  short  runs  at 
different  heads  over  the  notch.   These  tv/o 
methods  checked  very  closely  on  each  other  and 
the  calibrt/oion  curves  for  each  :/eir  are  given 
in  the  calculating  diagram  (4), 
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Charact eristic  of  a  Pui.ap. 

After  the  cali"bration  of  the  instruments 
the  pu^:ii>  Wrs  arranged  in  workinr^  ordei"  as 
shown  in  plate  5,  a.nd  a  coraplete  test  was  made 
under  v/orking  conditions  at  Lhe  speed  speci- 
fied "by  the  maker  to  detenaine  the  character- 
istic and  working  efficiency  of  the  purap. 

It  is  worth  while  at  this  tine  to  ex- 
plain the  Meaning  of  the  term  characteristic 
as  applied  to  the  head  against  caj.-acity  curve 
of  a  centrifugfcj.  pumij. 

V/lien  c.  pump  has  a  _ositive  displacement 
action,  its  capticity  is  independent  of  the 
pressure  against  which  it  acts.   It  simply  I'e- 
places  the  '..'f-ter  hy  moving  colid  to  \/hich  the 
necesEciry  amount  of  pressure  is  applied. 

In  the  care  of  the  centrifugal  pump,  hov/- 
ever,  any  change  in  capacity  carries  v;ith  it  a 
definite  change  in  he£.d. 
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A  certain  rate  of  disclic-rge  £:t   a  given  speed 
nuEt  have  its  specific  head,  whether  we  need 
it  or  not.   This  peculiar  property  of  the  cen- 
trifugcJ.  purnp  is  termed  its  characteristic  and 
is  represented  by  the  head-capacity  curve,  the 
shape  of  which  depends  up.on  the  curvc-.ture  of 
the  impeller  "blades  in  the  purnp. 
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Teeting  Data  and  Results. 

Ta1:)le  1  is  the  running  log  for  the  first 
test.   The  number  of  ohserveitions  for  each 
condition  v/ere  taken  t.t  regular  intervc-ls  after 
the  operc^tion  of  the  purap  had  become  uore  or 
less  uniform. 

Table  2  gives  the  average  corrected  data 
and  computed  results  for  the  first  test,   The 
method  of  calculating  these  results  by  means 
of  a  Si^ecially  designed  diagraja  is  sho\/n  at 
the  end  of  this  v/ork,  where  a.  sample  calcu- 
lation is  carried  thru. 

Plate  S   gives  the  diagra-riatic  represen- 
tation of  table  2.   All  "Che  impoi-tant  items  of 
the  test  are  xjlotted  against,  the  capc.city  in 
gallons  per  minute.   It  \/ill  be  noticed  that 
the  suction  curve  riset  too  fast  with  the  in- 
crease in  capc.city,  c.nd  since  the  suction  val-e 
v/^  s  left  wide  open  during  the  te^t  it  seemed 
to  be  against  all  probabilities  that  the  fric- 
tion in  a  short  length  of  four  inch  pipe  with 
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a  couple  of  fittin.-^s  would  ever  amount  to  a 
head  of  twenty-one  feet  of  water,  while  the 
same  quantity  discharr^ing  thru  a  three  inch 
pipe  v.ith  an  equal  nui.iher  of  fittinf^B  was  only 
two  and  one  half  feet  against  twenty-one  feet 
of  suction. 

The  cauce  was  at  first  attributed  ^o  the 
strainer  on  the  foot  valve,  having  too  smt-ll 
an  inlet  area-.   But  the  removal  of  the  strain- 
er showed  no  appreciahle  change  in  the  oper- 
ation of  the  puiiip . 

After  a  close  exej.iination  of  the  foot 
valve  it  was  found  thct  when  the  flajj  dise  was 
opened  wide  it  struck  the  "bottom  of  the  suc- 
tion pipe  and  cJ-iaost  entirely/"  covered  the 
opening  leaving  only  a  snail  crescent  shaped 
passage  for  the  water.   The  foot  valve  was 
then  removed  and  an  extension  put  on  so  as  to 
give  the  flap  plenty  of  room. 

The  second  test  was  made  at  the  sarae 
speed  and  v/orking  conditions  as  the  previous 
one  in  order  to  investigate  the  effect  of 
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changing  the  foot  valve. 

Taljle  3  shows  the  r  inning  log,  and  to.hle 
4  the  corrected  data  and  results  of  the  rec- 
ond  test.   The  change  produced  in  the  oper£.- 
tion  of  the  p'jjnp  is  illustrated  by  the  curves 
(plates  9,  10  and  B)    in  two  v/ays. 

At  first  consid-ring  the  unnecessary  suc- 
. tion  head  as  a  waste  of  energy  the  true  effic- 
iency of  the  pump  v/as  determined  and  a  curve 
plotted  helov;  the  net  efficiency  curve,  for 
each  test.   It  is  plain  that  the  relative  dif- 
ference "between  the  tv/o  efficiency  curves  for 
each  tert  represents  the  percent  of  energy 
spent  in  suction.   This  defference  is  very 
Ictrge  in  test  1  and  quite  snail  in  the  second 
test,  shov;ing  that  the  extension  to  the  foot 
valve  increased  the  capacity  of  the  jjuiap. 

In  order  more  fully  to  illuEtre.te  the 
conditions  of  "both  tests,  the  curves  of  each 
test  v/ere  plotted  together  on  plate  10.   The 
effect  produced  "by  the  change  is  apparent  at 
first  sight. 
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It  will  "be  noticed  that  v;hile  the  horse  pov/er 
curves  are  eJ.iaoet  identict.l  in  looth  c£.ees  the 
range  of  capacity  and  area  covered  hy  the 
efficiency  curve  are  more  than  fifty  percent 
lar/rer  in  the  second  test. 

The  third  test  was  performed  in  order  to 
analyze  the  effect  of  throttlinj-  the  suction 
at  the  EtJae  speed  of  the  previous  tetts.   It 
was  noticed  that  the  characteristic  curve 
could  not  he  started  froia  a  zero  discharge , 
owing  to  the  leaka-e  of  air  past  the  fittings. 
The  run  v/:  s  then  started  from  the  other  end  of 
the  curve . 

The  pu&ap  was  started  and  hoth  the  suction 
and  discharge  valves  «/ere  opened  v/ide.   The 
suction  was  then  gradually  throttled  and  oh- 
servations  were  made  for  each  point.   The  ruc- 
tion was  throttled  until  the  pump  dropped  the 
vacuum.   The  vacuum  was  picked  up  again  and 
kept  &.t   about  twenty-five  feet  of  water,  while 
the  discharge  pressure  was  increased  hy  regu- 
lar intervals  until  the  vacuum  again  fell  off. 
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As  seen  from  the  curves  the  effect  of 
throtuling  the  suction  is  to  rapidly  diminish 
the  capacity  while  the  efficiency  rir;es  very 
slov/ly. 

A  comparison  of  the  second  and  third  runs 
is  given  on  plr;.te  12L.  All  indications  seem  to 
point  to  throttlin.q-  the  dischar{?e.  Ho\/ever, 
the  horse  power  curve  is  somev/hat  smaller,  for 
the  same  capacity  in  the  third  run  than  in  the 
second. 

Another  -cest  was  made  at  the  same  speed 
tut  with  a  constant  total  head.   The  suction 
and  discharr^e  heads  v/ere  varied  from  a  maxi- 
muji  to  a  minimum,  et  the  same  time  keeping  the 
total  head  constant. 

The  running  log  for  this  test  is  in  tahle 
7  and  the  results  in  tahle  8.   The  curves  e.re 
plotted  on  plate  13.   In  this  test  the  capaci- 
ty heads,  horse  _i_.ower  and  efficiency  e.re   plot- 
ted against  the  percent  of  suction  to  total 
he  ad . 


Trble  No,  7 

TtST    fJT    ft    CofiSTRMT     ToTRL   H£:ffO                           \ 

ffunti/n^  lo6. 

1 

Time: 

1 

1 

? 

V^        III 

1  Hi 

\ 

i 

1^ 

1. 

^ 

-J 

h 

-| 

*< 

*/a- 

"He. 

r££:T         1 

f]F>R/L   Z.7-09 

9    JtO 

//^6 

■S4:0 

//'4- 

2o 

4- 

— 

.Z34- 

9  2S 

JI^Z 

3^0 

tl4- 

zo 

4- 

— 

.Z34- 

SSo 

//43 

3s:o 

t/4- 

ZO 

4- 

— 

.Z34' 

9.-S.S 

Jfh^ 

3^S- 

//'f 

zo 

4- 



.Z,3-^ 

9:'^S 

U^O 

3  6. 

J/3 

/e.7 

7 



.z.4-^ 

S  SO 

//'^7 

3S.S 

//3 

le.e 

7 

.Z^4- 

9:SS 

//4S' 

36. 

//3 

/s.a 

7 

— 

.^,"^-4- 

/O:  OO 

//^7 

36 

/I3 

/e.9 

7 

.Z4-4- 

/o-os- 

//^S 

36 

//3 

/s- 

If- 

— 

.Z4-S> 

/0:/0 

//^s 

34> 

//3 

/s 

/4- 

— 

Z'f-S 

/o./S 

//-j«-jt 

36 

//3 

/s 

/f- 

— 

.Z'^S 

/o.ve  o 

//'9-S 

36 

//3 

/s 

14- 

.2.-^9 

/OSS' 

//3  7 

3  6.^ 

//3 

/3 

/e 

— 

.Z.4-(> 

/O.JO 

//'9-X. 

-37. 

//3 

/3 

/e 

— 

.2.^(^ 

/0..3S- 

//J  7 

3  6.  J" 

//3 

/3 

/a 

— 

Z-^G 

/O;^P0 

f/^^ 

37 

//3 

/3 

/a 

— 

.Z4-& 

/o.^so 

//^S 

3S.O 

//3 

// 

zz 

— 

.ZZ4- 

/OSS' 

//^o 

3^S 

//3 

^' 

zz 

.z.z^ 

//    OQ 

/I'^Z 

3S.O 

//3 

// 

zz. 

.ZZ4^ 

//.  0-5" 

//-^3 

3'^S 

//3 

N 

zz 

— 

.ZZ4- 

AHlflXTB 
AMMXiXUTJC  Oir  XBOS(M*JbV*Z 


TfiBL  c    no  a. 

(,ofif!e:cte o    Pptr     unp   R^su lts 

PflTE 

T/me: 

If 

Velocity  ir/ 
FE£TPEifSec. 

CftpnciTY 

Herds  in  Fee  t  of  Wa  reR 

Par 

len 

ffnTios  RiiD  Crr/cienc  Y  \ 

Cu.  rr  Pen 

Sec. 

4^ 

0 

k 

J) 
to 

1 

ft 

Vel.  ETquivVT. 

0: 
•5: 

k 
•o  5 

k  5^ 

1- 

I;' 

s  IS 

(9  c 

w 

M 

*  IS 

Is 

k 

t 

1 

WEIff 

R 

TbrRL 

1 

1 

ltP/>.Z70f 

?:ia-  9.JS 

7.6 

- 

SYS 

.3  9  3 

m 

aes- 

f-.O 

■9-6. Z 

s-i.y 

? 

//*3 

3-^.e 

jfeo 

3.9s 

e.ze 

lot 

7.7  S 

1.7 1- 

s-7.e 

/0:OS-/0:zo 
/o  SO-//.OS- 

1 

e.bs 
e.z 
7.1 

0 
0 
0 

4-3  o 

^30 
.36e 

/9S  S 
/90 

9t,e 
?so 

S3  0 

li.l 

/9  9 
Z4.7 

■1-3.6. 
3^.t 
JO.O 

s/.  ^ 
S1.9- 

S-lb 

/.n 
ros 
7? 

/I3.3 
1/3.3 
113.3 

3b. b 
3  7.  Z 
3S:3 

-*-.  IZ 

'i-.l'l 

S.96 

z  19 

Z.IS 

loS 
10  s 
106 

29.  S" 

3e.e 
4-7.S 

z.ze 

^  0-9- 

I.S3 

60.  s 

s-e.a 

AXttnxTB 


ssBni 

flll9HBBnSSB9 


AKMOUH 


-16- 


The  efficiency  varies  very  lit'cle  thru- 
out  the  run  "being  a  maxii.rJia  at  one  hundred  and 
ninty-two  gallons  i-er  minute  and  e^hout  twenty 
percent  suction.   A  comx->axison  v/ith  the  effic- 
iency curve  of  the  second  test,  where  xaajciixom 
efficiency  is  at  a  capacity  of  about  one  hun- 
dred and  ninty  gallons  i-er  minute,  hut  v/ith 
only  five  percent  suction.   This  shows  that  the 
main  condition  for  high  efficiency  is  the  prop- 
er capacity  and  totcil  head. 

The  investigation  was  continued  on  four 
more  different  speeds  of  the  iMpeller.   In 
each  case  the  test  was  made  s.  continuous  run. 
rirst  the  characteris  ic  was  secured  by  throt- 
tling the  discharge  v,"ith  the  suction  open, 
second  v/ith  throttled  suction,  a.nd  third  v/ith  a 
constant  throttled  suction  and  a  throttled  dis- 
charge . 

The  results  and  curves  for  a  speed  of 
eight  hundred  and  fifty  revolutions  per  minute 
are  found  in  table  9  &  10-  and  plate   14.   The 
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laaximum  heao  at  8b0  R.P.II.  ie  only  half  that  at 
1160  R.P.jI.  ,  while  the  mcocirauni  dischaxr-e  was  re- 
duced from  o40  n-allons  to  285  r^allons  per  minute 
The  firft  two  quantities  hein/^  in  approxinate 
pro^.ortion  with  the  squares  of  the  respective 
velocities;  and  the  second  two  being  near  sim- 
ple ratio  with  the  narie,  as  it  should  be.   The 
effect  of  throvtling  the  suction  at  this  speed 
was  to  interrujjt  the  operation  of  the  purap  at  a 
capacity  of  15o  fqiallons  per  minute.   In  this 
test  the  efficiency  curve  retraced  itself  when 
the  suction  was  throotled. 

The  data,  results,  and  curves  for  1000  r. 
p.  M.  are  p-iven  in  table  11  anc.   12,  and  plate-3s 
The  effect  of  thro-tlinr;  the  auction  at  this  s 
speed  was  siiiilar  to  that  at  1160  K.  P.  M.  , 
both  in  di  .'linishinr  the  caj^acity  and  efficiency 
of  the  pUiip. 

In  order  to  run  the  pump  over  1160  K.  P.  LI 
the  motoi"  was  moved  down  and  belted  to  the  puiaii 
A  test  \/as  then  made  at  1300  R.  P.  11.,  the  data, 
results,  &.nd  curve,E^  are  given  in  tables  15,  14, 
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and  15,  e-.nd   plate  lo.   Tlie  incree-iae  in  epeed 

greatly  increased  the  remre  of  operation  of  the 
piirap,  and  -ave  an  efficiency  lii-dier  than  in  any 
other  case.   The  effect  of  throttling  the  euctJn 
at  this  speed  ie  more  marked  than  in  any  previ- 
ous run,  in  that  the  efficiency  is  lowered  thrqx 
out  the  entire  range. 

Tables  lo,  1'  and  18,  and  ^-le.te  17  z^ye 
the  results  and  curves  for  the  test  at  1450  R. 
P.  M.   At  this  speed  the  piimp  has  a  maximum  eff- 
iciency equal  to  that  of  1160  R.  P.  :'.  ,  tut  for 
only  "a- very  short  ran.t^ie  of  capacity.   The  total 
head  is  almost  tv;ice  as  .great  as  e.t   the  other 
speeds  and  the  effect  of  throttling  the  suction 
is  the  saine  aff  the  previous  test  of  1300  K.  P. 

ilate  18  shovv'E  a  comparison  of  the  opera- 
tion of  the  pump  at  different  speeds.   The  curve 
indicate  the  Vca-iation  of  efficiency  v.'ith  the 
speed,  at  various  capacities  from  fift^y  to  three 
hundred  gallons  per  minute.   These  curves  show 
the  rreat  advantage  of  regulating  the  capacity 
of  the  pump  by  changing  the  speed  of  the  iraijel^t 
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Pif-cussion:  . . 

In  dealinr;   with  the  effect  of  throttling 
the  Euction  of  a  centrifuj^al  pur.au,  in  conpariecn 
v/ith  throttling  the  c-iBchar.ge ,  the  theoretical 
consiceration  of  the  subject  has  to  be  left  ou-c 
entirely,  since  theoretically  i^uction  and  dis- 
charge have  the  saiae  effect  for  equal  raar^nitud* 
the  operation  of  the  i^mp  dependinff  entirely 
Ui-on  the  speed  of  the  iiipeller.   Tollov/ing  the 
series  of  tests  in  this  v.orv  it  will  be  seen 
that  while  the  oj^eration  of  the  i^-ump  in  reneraJ. 
does  depend  upon  the  speed  of  the  impeller,  the 
quanuity  of  discharge,  however  depends  u^  on  "che 
valve  openings.   The  total  head  for  a  given  spoS 
depends  mainly  upon  the  quantity  of  discharge. 

The  conclusions  to  be  riade  in  re^ejrd  to  tit 
main  object  of  the  work,  e.ccordinr  to  zhe  pleas- 
es outlined  in  t]ie  introduction  are  as  follows. 

Pirst:-   If  the  speed  of  the  purap  can  not 
be  reduced  it  is  more  efficient  co  cut  down  the 
capacity  by  tliro  :tlinr  the  dischar  -e  than  by 
throttling  the  suction.   If  howe^^er  the  suction 
to  reduce  the  caj^acity  of  the  i^uinp. 


Second.:-   It  Ie   certainly  'lore  efficient 
to  place  the  pump  as  near  the  level  of  the  in- 
let v/ater  as  possible  and  to  avoid  the  effect 
of  suction. 

In  re;,'Tard  to  the  third  place,  or  effect  of 
self-throt-clinc  hy  zhc   foot  valve.   The  conclu- 
sions to  he  made  is  charcicterised.  hy  Prof.  And^ 
son,  in  an  expression,  "That  even  in  such  a  sirr 
pie  devise  as  a  foot  val^^e  there  is  /nuch  room 
for  improvenent . " 


Llethod  of  Caluculatin-  Results. 

The  results  of  the  ^-iven  tests  were  calc- 
ulated hy  means  of  a  set  of  curves  specially 
designed  for  this  purpose.  Yollovrinr   is  a  coijy 
of  the  curves  and  3.  sample  calculations  quoted 
fron  an  erticle  entitled  "Curves  Tor   Engineer- 
ing Calculation"  v/ritten  hy  J.  II.  Ej..itZ'-'-la6S. 
The  construction  of  these  and  si^iilar  curves, 
and  the  method  of  their  contina-tion  is  fully  ex 
plained  in  the  saiie  article. 

"A  tliree  inch  centrifugal  pump  was  operatod 
halt  driiren  hy  a  10  h.  P.  motor  the  respective 
pulleys  on  the  motor  and  p^omp  bein-  kO   inches 
and  10  inches  respectively.   The  impeller  has  a 
diameter  of  11  l/s  inch,  the  suction  pipe  4  in- 
dies standard,  the  dischaa-ge  pipe  3  ir'ches.   TIb 
water  delivered  was  measured  "by  passing  throu~h 
tv/o  v/eir  notches,  in  p£X8.11el,  one  10  inches  m.a? 
hed  A,  t;:e  other  12  inches  marked  E.   The  suc*^ 
tion  head  v/as  indicated  by  a  mercury  manometer 
reading  in  imches,  and  delivery  head  by  a  pres- 
sure gauge  in  pounds  per  square  inch.   The  povva- 


imi  ut   to   t]ie  motor  was  rnt£-,£urod  "by   an   ar.imeter 
and  voltneter   connected   to   the   -cerninalE   of   the 
machine . 

"Date   P:iven  for  this  run: 

1.  Araneter   re£,din- 55.    ariert;. 

2.  Voltmeter      " 111.    Volt£. 

3.  Motor   Gpeed 650.   R.   P.   M. 

4.  Puiap   Shaft    speed 1250.      "  " 

5.  I}ischaxr;:e   gauf^e. 14.5   pounds    sq.    in. 

6.  -Suction   ,';?;aU;f:;e 8.5    inches    of  mercury. 

7.  "Dif-tance  "oetv/een   gau^^e.....        1.5   foot. 

8.  Head   on  V/eir  A 254   thousanflhs. 

9.  "  "        "      ?: 232  " 


Kesults  required  for  complete  analysis: 
Capacity: 

1.   Cubic  feet  jjer  second  on  \.'eir  A 


II  I!        II  II  II      II     - 

Total  quantity  in  cuhic  feut  per  second. 

"         "     "  Gallons  per  riinute. 

"        "     "  100  ijounds  per  hour. 

Velocity  of  v/ater  in  ir.let  pipe. 

"        "    "  "  Discharge  pipe. 
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8.      PeriphercJL  velocity   of    irai->ellcr. 
Heads    in  fe   t    of  water. 

1.  ruction  head fcfc. 

2.  Delivery      " " 

3.  Total  lioc^d      " 

4.  Inlet   velocity   equivalent   liead.       " 

5.  Discliai'se      "  "  •'  " 

6.  Perip]ierc.l    "  "  "  <■ 
Pov/er : 

1.      V/atts   consumed  from  line.      (iraput) 
2  2.      llorce  pov/cr   delivered  ijy  raotor.      (output) 

3.  Percent   left    after  belt    slip. 

4.  ITet  uotive   liorre  po\/er. 

5.  I'vaaiJ  liorE;e  power. 

6.  Power  rejected   in  discliarp;e   velocity. 
Hatios   and   efficiency: 

1.  Katio   of    cotal  head   to  peripheral  velocit  y 
head  /o 

2.  Ila^io  of  euction  head  to  total  head  ;c 
3-  "  "  Itejected  "  "  "  "  /^ 
4.      Net   efficiency   of  i^uiap 

These   results  follow  £j.on^  the   dotted  lines 
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on  the  dia.q;rarri,  the  nui.iber  in  or-  er,  as  given  Lelow 
corresponding  to  each  result  is  encircled  neta"  the 
point  on  the  rtgpective  curve. 

#1.   Cuhic  feet  per  second  on  weir  A  is  ^iven 
difectly  on  its  curve  (rection  A)  hy  the  abscissa 
corresponding  to  the  head  of  254,  and  reads  0.347 
Cuhic  feet. 

#2.      Saiie   on  v/eir  B   is    piven   on   its   curve  hy 
the   ahscissa  correspondirig   to   the   head   of   252, 
31  d   reads   0.391. 

•//■S.      Total   dischar(~e    in   cubic   feet  per   second 
is   tiie    sum   of   these   t\/o   abscisse,,    a,    and  b,    and 
reads  0,728   cubic   feet. 

(The   rt:aE0n  for   scalinc:   instead   of    eir.iple 
addition  is   to  have   the    sur.i  at   once   located   on   the 
diagram) . 

#4,    and  #5.      Gallo?-is  per  iiinute   and  100  jjCundF 
per  hour   sxe   riven   directly  under   the    quantity   on 
their  respective    scales,    and   read  332.1    and  1660.5 
respectively. 

#6.      Velocity   of  v/a-ter   in.  inlet   pipe    is   c-riven 
by  the    ordine.te    of   its   curve    corresponding  to   the 
abscissa  of   the   total,   o^uantitv  ,    and   reads   8.4   feet 
per   second. 
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#7.   Velocity  of  water  in  di£charn;s  i^ipe 
is  riven  oy  the  ordinate  of  its  curve  at  the 
sarae  ahscisca,  and  reads  14.4  feet  per  second. 

#8.   Suction  head  in  feet  of  water  ia  p-ivtn 
by  the  ordinate  corresi.ondin^/i  to  S.li  inches  of 
mercury  on  the  respective  curve  in  section  B, 
and  reads  9.6  feet  of  water. 

7^-9.   Delivery  head  in  fec-t  of  v/ater  is 
given  oy  the  ordinate  corresponding  to  14.5 
pounds  per  squcire  inch  on  the  respective  curve 
in  the  sazae  section,  and  reads  33.4  feet  of  wa- 
ter. 

yrlO.      The  total  head  in  feet  of  water  is 
loca.ted  on  the  diagrcja  "by  adding  the  distance 
between  gaurres,  1.5  foot,  to  the  suli  of  the 
two  ordinates  G,  and  D,  "beinr;  a  tota.l  of  44.5 
feet  of  water. 

fi'll.   Purnp  horse  power.   Follow  tlie  ordin- 
ate of  the  tots.l  head  to  the  intersection  'with 
the  horte  power  curve  corresponding  to  the  to- 
tal quantity,  and  read  the   abscissa  3.74  H.  P. 

#12.   Power  consumed  fron  line  is  driven 


by  the  intcreection  of  tlie  afuaeter  and  voltneter 
readings  (Sectiurx  L)  ,   El'ov/ing  5940  v/&tt£. 

#13.   Horse  power  developed  by  r.otor  is  p:iven 
by.  the  abscissa  corresi^onding  to  the  watts  ordinate 
on  the  650  H.PIvI.  motor  cur-e.   It  reads  6.42  horse 
po\.'er. 

#14.   Percent  left  a::ter  slip  is  given  in 
section  E  by  the  ordinate  fror.i  the  pwap  shaft 
speed  (1250)  to  the  convergin.f^  line  fron  the 
reduced  motor  speed  (650x2).   It  reads  96/0 

#15.   Net  motive  horse  pov/er.   Pollov/  the 
96^i  ordinate  in  section  C  to  its  intersection 
v;ith  the  line  converging  from  the  developed  horse 
power,  and  read  the  abscissa  6.16  horse  ^.ov/er, 

#16..  Efficiency  per  cent  is  •:-iven  direct- 
ly by  the  percenta..ee  ordinate  from  the  pump  h 
horse  power  (3.74)  to  the  converging  line  of 
the  net  laotive  power.   It  reads  60.7;j. 

#17.   Peripheral  velocity  velocity  of  im- 
peller is  given  by  the  ordinate  of  its  curve 
(sections  D  and  L)  corresponding  to  the  pujnp 
shaft  speed.   It  reads  60.3  feet  per  second. 

#18.   Head  equivalent  to  peripheral  velo- 
city is  o-iven  b-r  the  ordinate  of  its  cur-^e  (Fee 
tion  D  and  E)  op, osite  the  respective  velocity, 
and  reads  57.9  feet. 
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#19,  and  fri^O.   Inlet  and  discharp-e  velocity 
heads  are  :':iven  by  the  ordinates  of  the  eqvii-r- 
alent  head  curve  at  the  respective  velocity 
curve,  read  in-  1.1,  and  3.2  fe^.  t  respectively. 

#21.   Pov/er  rejected  in  dischar^^e  velocity 
It   given  "by  the  intersection  of  the  horse  pov/er 
curve  froiii  the  total  quantity  with  the  discharr^ 
velocity  equivalent  head,  and  reads  0.28  horse 
povier. 

#22.   Ratio  of  total  head  to  peripheral 
velocity  head  is  given  hy   the  percentage  ordi- 
nate (section  C)  from  4.45  to  the  line  conver- 
ging from  5.79,  the  decinal  point  beinf;  shifted 
in  "both  one  place.   It  reads  76.7^o. 

#23.   Ratio  of  suction  head  to  total  head 
is  given  in  the  same  \i&y  hy   the  percentage  or- 
dinate of  0.96  to  the  line  convei-ging  from  4.45 
reading  21.5)'o. 

#24.   Ratio  of  rejected  head  to  total  head 
is  given  hy   the  ijercentage  ordinate  of  0.32  to 
the  line  converging  from  4.45,  reading  7.2/3. 
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